Abstract-The cross sections for nuclide production in thin nat W and 181 Ta targets irradiated by 0.04-2.6-GeV protons have been measured by direct γ spectrometry using two γ spectrometers with the resolutions of 1.8 and 1.7 keV in the 60 Co 1332-keV γ line. As a result, 1895 yields of radioactive residual product nuclei have been obtained. The 27 Al(p, x) 22 Na reaction has been used as a monitor reaction. The experimental data have been compared with the MCNPX (BERTINI, ISABEL), CEM03.02, INCL4.2, INCL4.5, PHITS, and CASCADE07 calculations.
INTRODUCTION
The cross sections for nuclide production in thin nat W and 181 Ta targets irradiated by 0.05-, 0.07-, 0.1-, 0.15-, 0.25-, 0.4-, 0.6-, 0.8-, 1.2-, 1.6-, and 2.6-GeV protons were determined. These materials are of interest because they are considered as the main candidates for "solid-type" targets in spallation neutron sources and electronuclear facilities. They are also structural materials widely used in nuclear setups. Their advantage as compared to liquid metal targets of Pb, Hg, and Pb-Bi eutectic is the absence of Po accumulation, which is mainly responsible for the radiotoxicity of the irradiated target of electronuclear facilities. However, it is worth noting that, for 181 Тa and nat W targets, it is impossible to exclude completely radiotoxicity caused by α emitters produced in all heavy target materials irradiated with protons of energy above about 0.5 GeV.
At present, EXFOR contains 23 original works with the data on W and 26 works with the data on Ta, in which cumulative and independent yields of radioactive nuclides in proton-induced reactions are presented [1] .
IRRADIATION AND MEASUREMENTS
Thin nat W and 181 Ta samples in an assembly with Al monitors were irradiated with an extracted proton beam of the ITEP U-10 synchrotron [2] [3] [4] . The samples were manufactured by cutting from a metallic foil. The total levels of chemical impurities in the nat W, 181 Ta, and Al samples were no more than 0.004, 0.028 and 0.05%, respectively.
The proton fluence was determined using the 27 Al(p, x) 22 Na monitor reaction whose excitation function is well known [2] . The characteristics of the nat W and 181 Ta samples and the irradiation conditions are presented in Table 1 .
After each irradiation, the samples and monitors were delivered to a laboratory, were repacked in a glove box, and were transferred to a room where the γ spectra of the samples and monitors were measured by calibrated HPGe detectors [2] . Examples of the measured γ spectra are shown in Figs. 1 and 2. The procedure of their processing and calculation of the cross sections is identical to that described in [3] . 
RESULTS AND THEORETICAL PREDICTIONS
The cross sections for the production of radioactive nuclei in the nat W(p, x) and 181 Ta(p, x) reactions induced by 0.04-2.6-GeV protons are presented in Tables 2 and 3 The average accuracy of the cross sections for the observed reaction products for nat W and 181 Ta is 14.8 and 14.4%, respectively. The distributions of the uncertainties in the reaction rates and cross sections are presented in Figs. 3 and 4 .
The resulting excitation functions were compared with the respective functions calculated by means of the BERTINI, ISABEL, CEM03.02, INCL4.2, INCL4.5, CASCADE07, and PHITS models [5] [6] [7] [8] [9] [10] [11] .
The formulas for a convolution of the calculated independent yields into the cumulative ones were given in [12, 13] . Examples of the calculated and experimental excitation functions are shown in Figs. 5 and 6. 
where σ exp are the experimental independent or cumulative cross sections and σ calc are the calculated cross sections obtained on the basis of various models. The estimated predictive powers of the codes are summarized in Table 4 and in Figs. 7 and 8.
CONCLUSIONS
The deviation coefficients F considered here range from 1.5 to 9.4 for various models. These values correspond to the deviation of the calculations from the experimental data from 50 to 800%. Such deviations exceed significantly a required accuracy of 30% even for the most accurate code. The discrepancies are particularly large at low energies.
Thus, all intranuclear cascade codes should be further developed. The experimental data obtained in this work can be used both to improve theoretical models and to refine the design of electronuclear facilities and spallation neutron sources.
